Although silver has long been used as an antimicrobial agent, it is not used often due to economic and environmental concerns. Silver nanoparticles (AgNPs) have the same properties as elemental silver and can be synthesized on a considerably more economical level. The objective of this study was to synthesize AgNPs and analyze their physical, chemical, and antimicrobial properties. The study consisted of synthesizing AgNPs of 5nm, 35nm, 40nm, and 60nm lengths, using diluted lab solutions and sterile techniques. The physical analysis of the AgNPs performed through visual color comparisons of their varied sizes confirmed their successful synthesis. A chemical analysis was then conducted using ultraviolet-visible spectroscopy, which measured their absorbance at a 635nm wavelength. The antimicrobial property of the AgNPs was investigated by inoculating a strain of Staphylococcus aureus with titrated concentrations of varied nanoparticle size. This titration allowed for the analysis of the relationship between the size of AgNPs and level of inhibition of S. aureus. The results of the bacterial inhibition were quantified using a colorimeter, which determined the density of the bacteria and the respective level of inhibition. The results were analyzed using an ANOVA, which determined that at a 95% significance level, AgNPs were successfully able to inhibit the growth of S. aureus. However, the results of an ensuing series of t-tests indicated that there was not a consistent relationship between the size of the nanoparticles and the level of bacterial inhibition.
1

IntroductIon
Silver is used for a variety of applications. Its prismatic shape and structure allow it to maintain stability due to the stable sharing of its valence electrons (Hofmeistera & Tanb, 2005) . These chemical and structural properties contribute to silver's excellent electrical conductivity (Hofmeistera & Tanb, 2005) .
Another important property of silver is that it is antimicrobial. One of the most significant uses of this property is water filtration and sterilization. In this process, the silver is usually embedded in filter paper that allows water to pass through. As the water is filtered through the paper, the silver effectively and efficiently kills the bacteria in the water, rendering it safe to drink (Liggett, 2012) . The silver works by accumulating inside the bacterial vacuole and cell wall as granules, consequently preventing the cell from dividing (Liggett, 2012) . Additionally, the silver ion interacts with nucleic acids and causes structural abnormalities in the cytoplasmic membrane and subsequent cell layers of the bacteria (Liggett, 2012) . Silver has also been used in the form of salt topical antimicrobial agents, a property that scientists have utilized to improve antiseptic techniques (McDonnell & Russell, 1999) .
When used on a large scale, silver can become a great expense. For this reason, scientists have begun using silver nanoparticles (AgNPs). The prefix "nano" is a quantitative term equivalent to 10 -9 . A nanoparticle refers to a particle with a diameter between one and one hundred nanometers (Deepak, et al, 2011) . Nanoparticles were first used as early as the 9 th century by potters in Mesopotamia, who mixed them with other minerals and then applied them to the surfaces of already glazed pottery for a softened glaze and shimmery outer coating (Zegenhagen, 2003) . Silver nanoparticles (AgNPs) have several useful applications in the biological world, including as bactericidal agents, catalysts, and electrical conductors.
AgNPs are a viable choice for bactericidal agents because of their high surface to volume ratio that allows for a greater number of bacteria to be eliminated with smaller amounts of nanomaterial, thereby increasing their efficacy as an effective bactericide. (Kildeby, 2005) Scientists in India, hoping to use AgNP skin gel for healing burns, recently developed a technique of successfully integrating nanoparticles that were approximately 1/50,000 the width of a human hair into a gel (Jain, 2009 ). According to those researchers, the AgNP gel was far more effective in killing bacteria as compared to traditional gels (Jain, 2009) .
One example of a bacterial strain that has often been tested with silver is Staphylococcus aureus. S. aureus was first discovered in 1880 by Sir Alexander Ogston, a surgeon in Aberdeen Scotland. S. aureus is classified by its large, round, golden-yellow colonies, is a gram-positive bacteria because it has a thick cell wall, and is a facultative anaerobe, which means that it can switch between aerobic respiration and fermentation depending on the presence of oxygen. It can be identified by its capability to convert hydrogen peroxide to water and oxygen, a characteristic that allows it to be distinguished from similar looking bacteria such as enterococci and streptococci. (Todar, 2012) This species of bacteria is very harmful and is often the cause for wound infections. There are two main types of S. aureus: methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-sensitive Staphylococcus aureus (MSSA) (Ansari, et al., 2011) . Of these two types, MRSA has become a major cause of hospital-acquired infections (Ansari, et al., 2011) . Such infections are spread through contact with pus from an infected wound, skin-to-skin contact with an infected person, or contact with objects used by an infected person, such as towels and clothing (Ansari, et al., 2011) . S. aureus is known to cause a range of infections, from minor ones such as pimples and cellulitis, to life-threatening diseases such as pneumonia and meningitis (Ansari, et al., 2011) . Each year, about 500,000 patients in American hospitals are infected by S. aureus (Todar, 2012) . Unfortunately, scientists started noticing many strains of S. aureus exhibiting resistance to many common antibiotics, particularly towards penicillin, methicillin, and cephalosporins (Todar, 2012) . Lately, physicians have observed that some staph strains resist even vancomycin, an antibiotic used when all other antibiotics fail (Todar, 2012) . Due to the increasing amount of antibiotic resistance, scientists have started focusing their research on some alternative methods to inhibit the growth S. aureas. One of the most interesting methods involves the use of AgNPs, which effectively inhibit the growth of S. aureus, starting at concentrations of 1 -10 parts per million (ppm) (Todar, 2012) . It has been shown that AgNPs of smaller sizes demonstrate higher antibacterial activity as well as cytotoxicity, which is the degree at which something is toxic to living cells. (Ansari, et al., 2011) Synthesizing AgNPs is not only expensive, but is also time consuming. They are typically synthesized in large-scale high-tech commercial industries using a variety of advanced technology; however, with the advancement of current scientific knowledge, it is now possible to synthesize them in small laboratories. Scientists are not only able to synthesize AgNPs in their labs, but there is also evidence that these nanoparticles demonstrate similar bactericidal properties as those found in elemental silver.
There are several different methods to synthesize AgNPs. One such method requires only sterile lab equipment and diluted stock chemicals such as silver nitrate, potassium bromide, hydrogen peroxide, and sodium borohydride. These solutions, when carefully mixed, first separate and then reduce the silver ions obtained from the silver nitrate solution. This procedure not only produces AgNPs, but it results in those with variable size, depending on the amount of potassium bromide added. It is possible to visually see the sizes of the AgNPs through a variety of color changes that result from the successful completion of the procedure. Ultraviolet-visible spectroscopy and the use of a scanning electron microscope also allow one to determine the successful synthesis of AgNPs. (Frank, et al, 2010) The purpose of this project was to synthesize such AgNPs in a school laboratory using modern lab procedures and general chemistry solutions, and further test them to determine the effects of their size and concentration on the inhibition of Staphylococcus aureus. It was hypothesized in this study that AgNPs of four varying sizes would be successfully synthesized and that they would exhibit appropriate coloring, have specific wavelength absorbencies, and display antimicrobial properties, all corresponding to their sizes. This hypothesis was tested by first synthesizing AgNPs of variable size and then testing them physically using visual color comparisons and SEM imaging, chemically through ultraviolet-visible spectroscopy, and microbiologically by incubating them with S. aureus and determining the rates of inhibition through colorimetry, which measures the density of bacteria before and after the silver nanoparticle treatment by calculating the absorbance of a specific wavelength of light.
Methods
The protocol for synthesizing AgNPs was adopted from the Chemistry Department at Wilfrid Laurier University in Ontario, Canada. For the process, four 20 mL borosilicate vials were filled with each of the following: 2.0 mL of 1.25 x 10 -2 M sodium citrate, 5.0 mL of 3.75 x 10 -4 M silver nitrate, and 5.0 mL of 5.0 x 10 -2 M hydrogen peroxide. The different volumes of 1.0 x 10 -3 M potassium bromide were added to each vial as follows: 0 µL, 20 µL, 25 µL, and 40 µL. Following this, 2.5 mL of freshly prepared 5.0 x 10 -3 M sodium borohydride was added to each vial for the silver reduction step. After all the chemicals were combined, the caps were placed on the vials and they were swirled to completely mix the reactants. The series of color changes that occurred almost immediately based on the growth of the nanoparticles occurred from yellow to orange to red to purple to violet to blue to pale greenish blue for the largest ones. After three minutes, the vials reached a stable color, thus allowing for the quantification of their sizes.
To confirm successful synthesis of optimally sized AgNPs, ultraviolet visual spectroscopy was used. The wavelengths of the synthesized AgNPs were compared to data from the Wilfrid Laurier University. This procedure was repeated to verify the results. A scanning electron microscope was then used to visually locate the AgNPs. For this, the AgNP solution was evaporated in a glass dish on a hot plate. Once the AgNPs were dehydrated, they were placed onto a disk, prepped with a gold coating, and imaged under a microscope.
Since the AgNPs deteriorated and agglomerated after a few days, they were re-fabricated for the next part of this study, which involved testing them against S. aureus. To test the bactericidal effects of AgNPs on S. aureus, an assay was made. S. aureus was initially put into a test tube containing Tryptic Soy Broth (TSB). This mixture was kept in an incubator shaker overnight. The next day, 200 µL of the mixture was put into 16 wells of the assay tray. A varied concentration and size of AgNPs was then added to each well, as depicted in Table 1 . To serve as a negative control for this experiment, 3 additional wells of the tray were filled with the bacterial mixture without the AgNPs. To serve as a control for the buffer, a 2.0 mL sodium citrate solution at a pH of 6.0 was prepared and poured into 3 other wells of the tray. After the wells were filled as outlined above, the tray was incubated overnight at 37°C. After a 24-hour period, the assay was removed from the incubator and the mixture in the wells was dispersed using a standard micropipetter. Using a colorimeter, the density of the bacteria was then determined. This part of the procedure was repeated twice for verification.
results
The color comparisons revealed a positive distinct color difference between each size, thereby indicating successful synthesis of AgNPs. Table 2 represents the color changes and consequent observed wavelengths of the synthesized nanoparticles, in order from the largest to the smallest size.
The results of the ultraviolet-visible spectrosco- Identification of each of the variable sizes by color, the relation of the resulting color to the amount of bromide added, the wavelengths of the reference and observed wavelength, and the reference size of the synthesized AgNPs.
py, which were compared to reference measurements, varied greatly in size, indicating that the sizes of 10nm, 35nm, and 40nm were successfully synthesized, but that the size of 64nm was not synthesized. These results can be seen in Figures 1, 2, 3 , and 4. Once the synthesized AgNPs were verified using spectroscopy and visual observations, they were inoculated with S. aureus. The tabulated data from this process is located in the appendix and was graphed using the KaleidoGraph software. A graphical representation of the resulting wavelengths can be seen in Figures  1-4 . All the absorbencies were compared to reference measurements conducted by a previous study done by the Wilfrid Laurier University, and it was determined that the similarity of the absorbency results between the two studies was statistically significant.
Figure 1: Measuring the Absorbance of the 64nm AgNPs' Wavelengths
Absorbance of two trials of synthesized AgNPs that were made using 0µL of sodium bromide, resulting in AgNPs that were 64±5 nm.
Figure 2: Measuring the Absorbance of the 40nm AgNPs' Wavelengths
Absorbance of two trials of synthesized AgNPs that were made using 20µL of sodium bromide, resulting in AgNPs that were 40±5 nm.
Figure 3: Measuring the Absorbance of the 35nm AgNPs' Wavelengths
Absorbance of two trials of synthesized AgNPs that were made using 25µL of sodium bromide, resulting in AgNPs that were 35±4 nm.
Figure 4: Measuring the Absorbance of the 10nm AgNPs' Wavelengths
Relationship of the volume of AgNPs and the density of the resulting bacterial growth. All of the nanoparticles in this trial were 10-30 nm. Also shown are the error bars for each sample.
The SEM imaging only produced one viable image of the AgNPs-that of the largest, 64nm, as seen by Figure 5 . The other nanoparticles were too small to be seen with the magnification power of the SEM. In order to confirm the statistical difference among the results of the four sizes of AgNPs and their respective bacterial inhibition, an ANOVA was run on each of the four sizes using a 95% significance level. Based on the resulting p-values, which were all under the 5% error level, it was determined that the results were statistically different. Therefore, it was concluded that the AgNPs successfully inhibited the growth of S.
aureus. Several individual t-tests were also conducted between the different values for bacterial counts with no AgNPs and the varied volumes of AgNPs inoculated with the bacteria to test for statistical difference between each of the values. The same 5% error level was used for each t-test. Most of the resulting p-values for the t-tests were found to be below the 5% error level However, there were some data points whose p-values were well over 5%. This indicated that the results as a whole were not statistically significant and that there was no difference between the densities of the bacteria treated with AgNP and the control. The standard deviations seen in the graphs is a representation of this inconsistency, and are shown in Figures 6, 7, 8 , and 9. 
Figure 8: Inhibition of S. aureus by varied concentrations of 40±5 nm AgNPs
Relationship of the volume of AgNPs and the density of the resulting bacterial growth. All of the nanoparticles in this trial were 40±5 nm. Also shown are the error bars for each sample.
Figure 9: Inhibition of S. aureus by varied concentrations of 64±5 nm AgNPs
Relationship of the volume of AgNPs and the density of the resulting bacterial growth. All of the nanoparticles in this trial were 64±5 nm. Also shown are the error bars for each sample.
dIscussIon
Silver is often attributed for its bactericidal properties. These properties have been applied by scientists and physicians alike who now use silver as a disinfectant in both lab and clinical settings. Currently, studies are being conducted to determine its dermatological effects so that it may be used as a common hand sanitizer.
The primary reason for this research is that there have not been any cases in which bacteria have developed a resistance to it, as they have with many of the antibiotics. For this reason, silver would be a very good tool to use to fight bacteria. Another possible path for research is determining whether silver, in the form of nanoparticles, can maintain its bactericidal properties. One of the downsides of using silver to kill bacteria, and other microorganisms, is that the used silver will inevitable find its way to our rivers and oceans where it will be consumed by marine life and will collect in their body systems, leading to their death. It is for this reason that many pesticides and other such chemicals have been banned from use. However, with silver nanoparticles (AgNPs) the amount of silver used will be considerably smaller. Consequently, it will have a much lower chance of accumulating in the systems of marine life.
Apart from the environmental concerns described above, the cost of using silver disinfectants on a daily basis can certainly be a monetary burden. Us-ing AgNPs can be beneficial because the same task of eliminating unwanted microorganisms can be completed by using a much smaller amount of silver. Another aspect of this monetary burden is their synthesis using the current techniques, which often involve high-tech machinery and highly priced chemicals. This study was thus carried out to determine if it was feasible to synthesize AgNPs on a more economical level using general chemistry lab procedures, and to test their physical, chemical, and antimicrobial properties.
It was hypothesized that AgNPs of four varying sizes would be successfully synthesized and that they would exhibit appropriate coloring, have specific wavelength absorbencies, and display antimicrobial properties, all corresponding to their sizes. After confirming the results with a visual analysis, it was concluded that the synthesized AgNPs were of the accurate size and formation, as referenced from the work done by the Chemistry Department at Wilfrid Laurier University in Ontario Canada.
To confirm the results chemically, an ultraviolet visual spectroscopy assessment was performed and again referenced to the same. The results of this assessment can be seen in Figures 1, 2, 3 and 4 as well as in Table 2 . The absorbencies from the spectroscopy assessment suggested that the AgNPs that were of the sizes 10nm, 35nm, and 40nm were successfully synthesized. The AgNPs that were 64nm had an absorbency relative to that of a nanoparticle smaller than 10nm, indicating either a tiny nanoparticle or one that was not synthesized completely.
Another method of physically testing the synthesized AgNPs involved SEM imaging. Because most the AgNPs were of such a small size, they were not big enough to be captured with the imaging. However, an image of a 64nm AgNP was captured, and can be seen in Figure 5 . Due to the lack of successful imaging, this physical analysis could not be used for determining conclusive results.
Following this analysis, the AgNPs were tested for their antimicrobial properties. S. aureus was used to examine the antimicrobial properties of AgNPs as it is known to be one of the most common and deadly strains of bacteria. Although these bacteria can usually be treated using common antibiotics, there have been several cases in which strains have resisted vancomycin, which is one of the most potent antibiotics reserved for only the most severe cases of bacterial infections. Fortunately, S. aureus is still perceptible to silver. In the present study, he resulting density of the bacterial growth and inhibition with AgNPs was measured and analyzed. This study demonstrated that the inhibition rates are inversely proportional to the NP size and directly proportional to the concentration of AgNPs. Based on the results seen in Figures 6, 7, 8, and 9, it was concluded that the trend between the concentration and inhibition of the NPs formed a U-curve, which implied that between the added volumes of 20μL and 50μL there was a point at which the maximum inhibition occurred. A possible explanation for this anomaly is that the AgNPs may have formed a layer above the bacteria after which subsequent AgNPs had no way of reaching the bacteria and those bacteria beneath the barrier of AgNPs could proliferate freely. An ANOVA was run to confirm a statistical difference in that data. Upon confirmation of a statistical difference, a series of t-tests were conducted between each varied concentration of AgNPs and the bacterial sample with no AgNPs. Once again, a 95% confidence was used.
While some comparisons had statistically different values, there were a few that did not. This variance was attributed to some sources of error that could have accompanied the experiment. An example of such an error could be the dispensing of the chemicals, which may not have been very accurate due to their extremely small volumes. This could have affected the synthesis of AgNPs, where micro-volumes of potassium bromide were added, as well as the inhibition of S. aureus, where small volumes of AgNP solution were added to the bacteria. Another such error that could have altered the synthesis of AgNPs could be attributed to the chemicals that were used to synthesize them, as the chemicals used in the process may not have been of the best quality. Any aggregation of the nanoparticles and/or bacteria in the TSB broth may have also affected the results of the bacterial inhibition test.
One major implication of this study is an innovative technique for nanoparticle synthesis. As a future direction, the S. aureus that were inoculated with the AgNPs could be studied using staining techniques and through microscopy to determine the mechanism behind the bactericidal effects of the AgNPs. Another possible research avenue could be the synthesis of nanoparticles using other metals, such as gold, aluminum, and copper. The same methods could also be used to synthesize AgNPs that are larger than 64nm.
In conclusion, this study verifies that AgNPs of varying sizes can be synthesized in a small lab setting. This study also demonstrates that AgNPs have bactericidal effects similar to that of elemental silver, and can consequently be used for antibacterial purposes. Furthermore, the hypothesis that there was an inversely proportional relationship between the size and bacterial inhibition and a direct relationship between the concentration and bacterial inhibition was rejected. Table 5 represents the density of bacteria growing with AgNPs of four different sizes in the second trial; the density was taken using a Vernier Colorimeter. Sixteen wells were inoculated for each trial. Table 6 represents the density of bacteria growing with AgNPs of four different sizes in the third trial; the density was taken using a Vernier Colorimeter. Sixteen wells were inoculated for each trial.
Density of S. aureus without AgNPs
